Abstract It is proposed that the time is ripe for the development of secondary preventive interventions for attentiondeficit/hyperactivity disorder (ADHD). By targeting preschool children, a developmental stage during which ADHD symptoms first become evident in most children with the disorder, many of the adverse long-term consequences that typify the trajectory of ADHD may be avoided. A dynamic/ interactive model of the biological and environmental factors that contribute to the emergence and persistence of ADHD throughout the lifespan is proposed. Based on this model, it is argued that environmental influences and physical exercise can be used to enhance neural growth and development, which in turn should have an enduring and long-term impact on the trajectory of ADHD. Central to this notion are 2 hypotheses: 1) environmental influences can facilitate structural and functional brain development, and 2) changes in brain structure and function are directly related to ADHD severity over the course of development and the degree to which the disorder persists or remits with time. We present experimental and correlational data supporting the first hypothesis and longitudinal data in individuals with ADHD supporting the second. The case is made for initiating such an intervention during the preschool years, when the brain is likely to be more "plastic" and perhaps susceptible to lasting modifications, and before complicating factors, such as comorbid psychiatric disorders, academic failure, and poor social and family relationships emerge, making successful treatment more difficult. Finally, we review recent studies in young children with ADHD that might fall under the umbrella of secondary prevention.
frequently [7] , but not always [8] , been reported to have a positive impact on an array of behavioral difficulties in children with ADHD. However, a minority of individuals with ADHD are effectively treated throughout the course of the disorder [9] , and treatment gains tend to be short-lived, with limited, if any, long-term beneficial effects [10] . As such, even with "successful" treatment during childhood, the chronic and impairing course of ADHD throughout the lifespan continues to take a significant toll on the lives of patients, their families, and society. Thus, the development of novel interventions that provide enduring benefit could have a substantial impact in terms of cost and human suffering.
The development of new treatments for ADHD has predominantly focused on the school-age years (for more detail see Toplak et al. [11] ), a time at which ADHD is most commonly diagnosed. Yet, compelling arguments have been made for the use of earlier interventions that might alter the trajectory of the disorder, and thus avoid many of the longterm negative consequences of ADHD [12] [13] [14] . Early intervention targets the child at a time when the brain is more "plastic" and perhaps more amenable to lasting "rewiring." Furthermore, early intervention can potentially be used during the beginning stages of ADHD, before complicating factors, such as comorbid psychiatric disorders, academic failure, poor social relationships, low self-esteem, and negative parent and family attitudes become barriers to successful treatment [12] . Through the identification of young, "at-risk" children, who may not meet full diagnostic criteria for ADHD, it may be possible to use developmentally sensitive preventive interventions that will not only alter the chronically impaired course of ADHD, but will prevent the onset of many of the social, emotional, and academic difficulties that impede successful treatment during later phases of development.
Primary, Secondary, and Tertiary Prevention
Preventive interventions are typically characterized as primary, secondary, or tertiary [15] . Primary preventions impede the emergence of a disorder or injury, and typically take the form of public health initiatives, such as the use of seatbelts in cars, inoculations for viral diseases, or promoting exercise and healthy diets for preventing obesity and cardiovascular disease. For ADHD and other neurodevelopmental disorders, primary prevention initiatives include programs that promote maternal health during pregnancy, such as warnings against alcohol and cigarette use, as well as initiatives to reduce environmental toxins, such as lead and mercury. These initiatives will not eradicate ADHD, but they may lower incidence rates.
Secondary preventive interventions detect the disorder at its earliest stages while it may be more treatable, slow its progression, and/or alter its trajectory to minimize later complications. Examples of secondary preventive interventions include early identification of potentially severe illness through the use of mammography, cardiac stress tests, and colonoscopy. Early detection, prior to the onset of serious (or in some cases any) symptomatology, leads to the implementation of an intervention designed to reduce (or eliminate) the likelihood of severe consequences in the future. Early intervention programs for "at-risk" children, such as Head Start, would fall into this category.
Finally, tertiary prevention uses treatment that is unlikely to be curative but will manage or limit complications after the disorder has manifested. Common examples are the use of insulin for diabetes, alcohol and drug abuse treatment programs, and, most relevant here, psychostimulants or parent training for individuals with ADHD.
The Aims of this Article
We believe, as has been suggested elsewhere [12] [13] [14] , that the time is ripe for the development of secondary preventive interventions for ADHD. By specifically targeting preschool children, it is not only possible, but perhaps likely, that many of the adverse long-term consequences that typify the trajectory of ADHD can be avoided. In making this argument, we will first present a dynamic/interactive model of the biological and environmental factors that contribute to the emergence of ADHD in early childhood and to its persistence throughout life. From this model, logical targets for interventions that may yield sustainable therapeutic change emerge. In particular, we will argue that environmental enrichment, primarily in the form of neurocognitive enhancement and physical exercise, can be used to enhance neural development, which, in turn, will have an enduring impact on the trajectory of ADHD. Central to this notion are 2 hypotheses: 1) changes in brain structure and function over the course of development are directly related to ADHD severity and the degree to which the disorder persists or remits with time; and 2) neurocognitive enrichment and physical exercise can facilitate structural and functional brain development. We will review longitudinal, experimental, and correlational data that support these hypotheses. Next, we will make the case for why it is preferable to start such interventions during the preschool years. Finally, we will review recent studies in young children with ADHD that might fall under the umbrella of secondary prevention.
A Dynamic/Interactive Model of the Emergence and Persistence of ADHD
Research into the causes of ADHD has demonstrated evidence for what is probably a dynamic interplay among genes, prenatal environment, and postnatal environment. With this in mind, ADHD has been conceptualized through an epigenetic model, in which these 3 factors interact to influence the developmental trajectory of the brain [16] .
Genetic Determinants
There is no question that genes play an important role in the emergence and persistence of the disorder. Twin studies suggest a heritability index estimate of 0.76 [17] . Although the precise genes that lead to increased risk for ADHD have remained elusive, among the many genetic markers studied, DAT1, DRD4, DRD5, 5HTT, DBH, ADRA2A, TPH2, MAOA, and SNAP25 were recently identified as having the most empirical support [18] . Further data suggest that the trajectory of ADHD across the lifespan or the degree to which symptoms persist or decline is genetically mediated [19, 20] . For example, using a longitudinal twin cohort, Kuntsi et al. [20] reported that symptom stability was primarily due to shared genetic influences. Children with ADHD who had at least one copy of the DRD4 7-repeat allele exhibited normalized cortical thinning over development, higher IQ scores, better global functioning, and were less likely to maintain their ADHD diagnosis at follow-up compared with children with ADHD without a DRD4 7-repeat allele. Importantly, those with and without a DRD4 7-repeat allele did not differ in ADHD symptoms at baseline.
In addition, some genes may alter children's response to interactions with environmental factors to affect ADHD [16] . For example, children with the DRD4 7-repeat allele, as compared to those without the 7-repeat allele, were found to be more sensitive to the quality of parenting received [21] and to have a superior response to a parenting intervention [22] , suggesting genetic differences in the degree to which environmental factors influence developmental trajectories in children with ADHD. Similarly, variations in the dopamine transporter gene (DAT1) and the serotonin transporter gene (5HTT) have been reported to moderate the sensitivity of children with ADHD to maternal positive emotional expression [23] . Most recently [24] , variations in DAT1 were reported to moderate the response of children with ADHD to behavioral parent training such that those with no or only one DAT1 10-repeat allele had a more positive response.
Yet, the degree to which one's genetic make-up directly influences sensitivity to environmental factors and/or environmental influences result in epigenetic alterations in gene function remains unknown. For example, several studies have shown that aspects of early parenting behavior and rearing in rodents have lasting effects on the behavior of the offspring, and that these behavioral alterations are mediated by changes in gene expression that result from environmental factors (for more detail see Meaney [25] ). These epigenetic alterations to gene expression can result in adverse consequences for the offspring, such as those resulting from increased maternal stress [26] , or in positive consequences, such as those resulting from improved caregiving to the neonate [27] . Although the data in humans are far more limited, 1 postmortem study has linked altered epigenetic regulation of hippocampal glucocorticoid receptor expression specifically with early child abuse [28] . Notably, environmentally-induced epigenetic changes to gene expression appear to be reversible through environmental enrichment [29] .
Prenatal Environment
Beyond genes, exposure to certain factors in the prenatal environment increases risk for ADHD. For instance, maternal use of tobacco, alcohol, caffeine, and certain psychotropic medication during pregnancy may increase risk of ADHD in offspring [16, 30] . Poor maternal nutrition (e.g., obesity, low iron, and fatty acids) [31, 32] , maternal stress during pregnancy [33] , maternal gestational diabetes [34] , and exposure to chemicals and heavy metals have also been implicated [16, 30] . As only some children with these exposures go on to develop ADHD, it is possible that genes influence sensitivity to at least some adverse prenatal environmental factors.
Neural Factors
These complex interactions of genetic and environmental factors, which differ across individuals, directly impact brain development (for more detail see Kieling et al. [35] ). ADHD has been purported to involve disruption within a diverse set of brain regions, including most prominently frontostriatal circuitry and the cerebellum [36, 37] . Recently, considerable attention has been paid to disruptions within the default mode network [38] .
These disruptions to brain development are purported to underlie the wide array of neurocognitive deficits commonly seen in children with ADHD. Meta-analyses [39] [40] [41] [42] [43] indicate a wide range of executive and nonexecutive function deficits in children with ADHD. From a developmental perspective, ADHD has been hypothesized [44] , with some supporting data [45, 46] , to be associated with early appearing and lasting subcortical dysfunction, whereas recovery throughout development is associated with improvements in executive control functions.
Consistent with the diversity of cognitive deficits often seen in children with ADHD, longitudinal neuroimaging studies by Shaw et al. [47, 48] found that cortical maturation of children with ADHD was delayed throughout most of the cerebral cortex by as much as 2 to 3 years, most prominently in prefrontal regions. Moreover, children with better outcomes demonstrated normalization within right parietal cortex, whereas those with poorer outcomes showed "fixed" thinning of left medial prefrontal cortex [47] . In addition, cortical thinning that continued into adulthood in the dorsolateral prefrontal cortex, anterior cingulate, and inferior parietal lobe, as well as progressive volume loss in the cerebellum, were linked to the persistence of ADHD symptoms [49] . Most recently [50] , in a 33-year follow-up study, ADHD probands were found to have significantly thinner cortices in the dorsal attentional network and limbic areas than adults with no history of ADHD. In addition, gray matter was significantly decreased in probands in several subcortical brain regions. Notably, relative to those with persistent ADHD, remitters (those with childhood ADHD who no longer had ADHD at follow-up) tended to have thicker cortices in several regions, leading the authors to suggest that diagnostic remission may result from compensatory maturation of prefrontal, cerebellar, and thalamic circuitry.
Similar to structural neuroimaging data, functional magnetic resonance imaging data indicate that brain activation elicited by an inhibitory control task closely parallels the degree of persistence of ADHD symptoms in adolescents with childhood ADHD, with remitters, as compared to persisters, more closely resembling their peers who never had ADHD [51] . Furthermore, neuropsychological performance of adolescents and young adults with improving ADHD trajectories diverges from persisters and more closely approaches their peers who never had ADHD across an array of "effortful" tasks (e.g., working memory, inhibitory control, sustained attention) [45, 46] . Finally, in a longitudinal sample of preschool children, preliminary analyses indicate that over a three-year period variation over time in neuropsychological function parallels changes in symptom severity and that behavioral improvements in "at-risk" preschoolers are preceded by changes in neurocognitive function [52] . Thus, the limited data available are consistent with the hypothesis that normalization of brain anomalies and/or enhanced cortical development are associated with disorder remission, whereas lack of normal maturation may be associated with persistence of ADHD throughout development [13, 44, [48] [49] [50] 52] .
"Setting the Stage" for ADHD Thus, compelling data indicate that complex interactions among genes and the prenatal environment influence early brain development, which in turn predisposes an individual to ADHD. We propose that by the time of birth, or very shortly thereafter, the stage is set for the expression of some form of the ADHD phenotype [44] , but the manner in which that phenotype is manifested is influenced, to a substantial degree, by an array of environmental factors that affect postnatal neural and behavioral development. Although postnatal factors affect the development of all children, more vulnerable children with a predisposition toward ADHD may be particularly sensitive to adverse environmental conditions, but their developmental course can also be positively affected by enhanced environmental conditions.
As depicted in Fig. 1 , we posit that genes and the prenatal environment interact bi-directionally, so that genes influence the prenatal environment and the environment, via epigenetic mechanisms, influences gene functions. Together, these serve to shape the brain of the newborn. After birth, postnatal environmental factors continue to influence neural development, both directly as well as potentially indirectly, via the insertion of epigenetic genetic marks (e.g., DNA methylation) (for more detail see Caldji et al. [53] ). Thus, not only do environmental influences moderate the relationship between brain structure/function and ADHD severity, but aspects of the postnatal environment have a direct impact on brain growth and development. ADHD-related behaviors perpetuate these interactions, in that the behaviors emitted by children with ADHD often elicit negative responses from those around them [54] .
Postnatal Environmental Influences on Neural and Behavioral Development
Although the quality of parenting is unlikely to be a primary cause of ADHD, it is among several postnatal environmental risk factors that may influence severity and/or impairment. These include poor parenting, home discord, low socioeconomic status, institutionalized care, and exposure to violence and trauma [16] . Some studies suggest that young children who watch a lot of television are at increased risk for attentional problems later on [55, 56] . In contrast to these risk factors, less has been written about positive influences that might protect children from the adverse long-term trajectory that is typically associated with the disorder. Perhaps, by systematically targeting postnatal environmental Fig. 1 A dynamic/interactive model of the emergence and persistence of attention-deficit/hyperactivity disorder (ADHD), along with loci for preventative interventions influences, enduring effects on the emergence and trajectory of ADHD can be achieved [12] [13] [14] .
The Influence of Environmental Enrichment and Exercise on Brain Growth
A wealth of research has demonstrated the powerful effects of physical exercise and cognitive enrichment in nonhuman species, and similar findings are rapidly emerging from research with humans. These studies have been the focus of several recent reviews [57, 58] , and thus are discussed only briefly here.
Physical Exercise
As reviewed elsewhere [59, 60] , physical exercise has been shown to increase levels of brain-derived neurotrophic factor, levels of synaptic proteins, glutamate receptors, and the availability of insulin-like growth factor, all of which contribute to cell proliferation and neural plasticity. Notably, exercise-induced neural changes in rodents are accompanied by behavioral changes, such as enhanced spatial learning and memory. Importantly, the greatest cell proliferation in response to exercise occurs early in development [61] , suggesting that exercise interventions may be particularly effective during early childhood. Nevertheless, the beneficial effects of exercise are not limited to early childhood. Physical exercise has consistently been reported to increase brainderived neurotrophic factor levels, enhance cognitive performance, and promote brain health in human adults.
Aerobic fitness in typically-developing children predicts differences in brain function, as detected with event-related potentials and functional magnetic resonance imaging, as well as improved cognitive abilities [62] . Although most studies of exercise in children have focused on typically-developing youth, the areas of cognition that were found to be improved mainly included those related to executive functioning and the activation of prefrontal cortex, and thus are highly relevant to ADHD. While some attention has been paid to the impact of acute physical activity on ADHD symptoms [63] , and investigators have pointed out the theoretical potential of chronic physical exercise in ADHD [64, 65] , randomized controlled trials of physical exercise as a treatment for ADHD have yet to be published.
Environmental Enrichment
Similar to physical exercise, environmental and cognitive enrichment have been shown to influence both brain structure and function. As reviewed elsewhere [13] , environmental enrichment increases neuronal size, neurotrophin levels, synaptophysin levels, dendritic branching and spine number, synaptic density, neocortical neurotransmission, and neurogenesis and nerve growth factor mRNA and CREB gene expression in the hippocampus in rodents. These changes have been associated with improved performance on various spatial and nonspatial memory tasks. In humans, epidemiological data indicate an association between increased participation in social and intellectual activities in daily life and a slower rate of cognitive decline in the elderly [66] ; cognitive exercise may also be an effective intervention for slowing the trajectory of cognitive and functional decline associated with dementia [67] .
Attention and cognitive training programs in school-age children with ADHD have reported both functional [68] and structural [69] brain changes, and several of these programs have reported cognitive improvements on measures of response inhibition, sustained attention, working memory, executive function, and academic performance, in addition to ADHD symptoms [70] [71] [72] . Studies of similar training paradigms for attention, memory, and executive function in typically developing preschool children (including atrisk children) have reported improvements in inhibitory control, working memory, cognitive flexibility, academic performance, IQ, and event-related potential amplitude in frontal and frontoparietal areas [73] [74] [75] [76] .
In summary, there is ample evidence that cognitive enrichment and physical exercise can have positive effects on the brain and cognition. In view of data indicating that variation in ADHD severity across the lifespan is linked to variation in neural [47, 49, 51] and cognitive [45, 46] development, it seems likely that a program of cognitive and/or physical exercise could be implemented to enhance brain function, and in turn yield lasting positive effects on the trajectory of ADHD. If implemented early on, such a program could prevent many of the more severe consequences of a lifetime with ADHD.
Rationale for Early Intervention
We outline, as follows, a prevention-based approach for ADHD built on early detection and intervention. The goal is to reduce the likelihood of the emergence and/or persistence of ADHD from its earliest manifestations by facilitating brain growth to alter its adverse long-term trajectory. As reviewed elsewhere [12] , there are several key reasons to believe that early interventions during the prodromal stages of ADHD may be more effective than treatments after outcomes are established and barriers to successful treatment are in place.
Early Childhood is a Critical Period for Brain Development and Neural Plasticity
The human brain reaches approximately 80 % of adult size by 2 years of age [77] and changes minimally in size after age 5 [78] . Myelination begins in utero and proceeds rapidly through the age of 2 years [79] . Furthermore, the first 2 years of life are a period of rapid synapse formation, which results in an overproduction of synapses [80] , followed by a plateau phase extending over several years, during which neurons begin to form complex dendritic trees [81] . These 2 processes seem to account for the increase in cortical gray matter in childhood found in magnetic resonance imaging studies [47, 82, 83] . Subsequently, brain development is characterized largely by cortical organization and refinement relative to neuronal growth. Designing interventions that facilitate development of highly malleable learning-dependent brain networks have been proposed [13] , with early childhood as a "window of opportunity" for intervention when brains are believed to be more "plastic" and children may be most amenable to learning new skills [84] . Nevertheless, the notion that the young brain is more plastic is not firmly grounded in data, and the likelihood of recovery from brain damage clearly varies depending on a number of factors, including the nature and extent of the injury, as well as the timing of the post-lesion evaluation [85] . Yet, promoting brain growth to prevent the onset of or facilitate recovery from a condition such as ADHD may not be the same as recovering from a head injury or brain lesion. Thus, much of the human literature sheds limited light on this issue. Animal research provides some evidence for greater impact of environmental enrichment at earlier ages [61, 86] , but the extent to which this translates to humans is unknown.
Early Intervention Precedes the Onset of Many Comorbid Conditions
ADHD is associated with high rates of comorbid psychiatric conditions that are themselves associated with unique impairments (separate from or synergistic with ADHD) and that often require separate treatments. Most conditions that frequently co-occur with ADHD, including tic disorders, depression, anxiety disorders, obsessive compulsive disorder, bipolar disorder, conduct and substance use disorders, and personality disorders, emerge after the onset of ADHD [87, 88] . High rates of these later-emerging comorbid disorders suggest that ADHD might be a risk factor for them. Ideally, prevention-based early interventions should take place at an age by which early signs of ADHD can be detected, but prior to the time that chronic and impairing comorbidities take hold [12] . In this way, perhaps, not only would ADHD be of lesser severity, but the emergence of these highly impairing comorbid disorders might be prevented.
Early Intervention May Result In the Diminution of Later Impairment
If effective interventions can be established early, then complications associated with academic failure, poor social relationships, low self-esteem, and negative parent and family attitudes can potentially be avoided [14] . Childhood behavioral problems are associated with substantial delays in motor, language, play, school, and social skills, even prior to entry into kindergarten [89] . Early interventions that take place prior to the development of engrained behavioral patterns in the child may improve parents' receptiveness to treatment and avoid the development of negative ADHD-related parent-child difficulties.
Early Interventions in ADHD Have Shown Persisting Efficacy
Unlike treatment of ADHD during the school-age years, some preschool interventions provide preliminary evidence of persisting benefits beyond the termination of active treatment. The Incredible Years [90] and Triple P [91] , both parent-focused interventions for preschoolers, have yielded behavioral improvements that persist beyond the end of treatment, although in general, they have a greater impact on disruptive behaviors than ADHD symptoms per se. Sonuga-Barke et al. [92] found significant reductions in ADHD symptoms in preschoolers after parent training that persisted for 15 weeks post-treatment. More recently, in a randomized controlled trial using their Revised New Forest Parenting Programme (NFPP), which focuses on selfregulation and the quality of mother-child interactions, this same group found large effect sizes for improving ADHD symptoms that persisted for 9 weeks post-treatment [93] .
In addition, several novel and innovative early interventions designed to improve behavioral control in young children with ADHD by enhancing neurocognitive functioning are currently being developed [94] [95] [96] . As previously described, children with ADHD often present with a wide array of neurocognitive impairments that are closely linked to neural dysfunction. As such, development of therapeutic modalities that directly address identified neurocognitive deficiencies may yield benefits that persist after formal treatment discontinuation, and in this way, more formidably impact the trajectories of youth with ADHD. These interventions all share several features in common, including using games or game-like activities as the drivers of neurocognitive development, the use of parents for delivering the treatment at high frequency at home, and the promotion of positive parent-child relationships through playing together.
Training Executive, Attention and Motor Skills (TEAMS) [96] , a program developed for 4-and 5-year-old children with ADHD, uses games designed to target an array of neurocognitive skills (e.g., inhibition, sustained attention, memory, planning, and visuospatial and motor skills) frequently impaired in the disorder. This intervention involves 5 weekly, concurrently-held, child and parent groups. Children are introduced to and play the games during their group sessions. Parents are also taught the games and how to scaffold their difficulty levels. Parent sessions focus on how to incorporate the games into their busy lives on a daily basis, techniques for keeping the games fun and engaging, and how to tailor and modify the games to match the interest and ability level of the child. An open pilot study reported significant improvements of medium to large effect sizes in parent and teacher-rated ADHD symptoms that persisted at 3 months post-treatment [96] .
Enhancing Neurocognitive Growth with the Aid of Games and Exercise (ENGAGE) is an early intervention for 3-and 4-year-old children with difficulties in selfcontrol. Like TEAMS, it involves parents and children playing prescribed games on a daily basis for a 5-week period. ENGAGE targets 3 areas of self-control that are deficient in children with ADHD: 1) behavior, 2) cognition, and 3) emotion. A preliminary open trial showed improvements in parent-rated hyperactivity that was maintained throughout a 12-month follow-up period. In addition, significant improvements from pre-to posttreatment were found on tests of working memory and sensorimotor control [94] .
Finally, Executive Training of Attention and Metacognition (ETAM) targets executive function deficits in 3-to 7-year-old children with ADHD through the use of behaviorally-based skills training and practice, along with training in metacognitive strategies. ETAM is an eight-week intervention with weekly concurrent child and parent groups, during which children practice game-like activities that promote executive function and self-regulation, and parents and their children develop a language to talk about attentional control (i.e., eyes looking, ears listening, brain thinking, body still) which serves as the metacognitive framework of the program. The activities, which are practiced at home with parents, focus on an array of executive functions. An open clinical trial of ETAM reported significant pre-to post-treatment improvements with moderate to large effect sizes on several measures of executive functions and on parent ratings of ADHD symptoms [95] .
These new emerging interventions all target ADHD early in development, thereby improving the potential for affecting the developmental trajectory of the disorder. Importantly, they all incorporate therapeutic activities into daily life, improving their palatability to preschoolers and perhaps also their generalizability. While further study using more rigorous designs is necessary, collectively, these findings raise the possibility that interventions administered during the preschool years may yield lasting positive effects. Although the mechanisms by which these early interventions exert their positive influence remains unknown, we speculate that behavioral improvement is likely a result of the cognitive and physical exercises promoting brain growth 
The Potential Promise of Preventive Interventions for ADHD
The goal for the proposed approach of secondary preventive interventions is to reduce the likelihood of the emergence of ADHD and to slow its escalation in severity or persistence from its earliest manifestations by facilitating brain growth and development. This, in turn, should minimize many longterm complications typical of ADHD. Central to successful implementation of this approach is the notion that early identification is possible. While undoubtedly some children will be missed, for the most part, irrespective of whether the child meets full diagnostic criteria for ADHD, symptoms of hyperactivity and impulsivity are evident during the preschool years in most children who go on to develop the disorder. With increased rates of attendance at daycare and preschool over the past 2 decades [97] , early identification of "at-risk" preschoolers should be easier than ever.
The fact that at-risk children who will not develop ADHD might also be identified and treated requires these interventions to be noninvasive, relatively low in cost, readily accessible, and easy to implement. Widespread use of preventive interventions targeting at-risk children would not only need to remain relatively risk-free, but, to the extent that it is possible, they should also be helpful to all children irrespective of at-risk status. In this regard, engaging in challenging and cognitively stimulating games should be enjoyable and growth-promoting, even in typically-developing children. With regard to cost, accessibility, and ease of implementation, several emerging programs [94] [95] [96] use a group-based approach that is overseen by a professional, but can be delivered largely by paraprofessionals and/or trained students, thus substantially lowering costs. In addition, the clinical setting might not be ideal for administering these interventions, which often require large playrooms for child groups. Rather, schools and community centers might be better suited, making the intervention accessible to large numbers of individuals. As for ease of implementation, it will be critical that these programs be highly palatable both to parents and children (and perhaps teachers) in a manner that will engage them in the intervention in an ongoing and meaningful way.
Early interventions for children at high risk for developing an array of difficulties other than ADHD have received attention over the past few decades. Such programs as Perry Preschool and the Abecedarian Project, as well as Head Start, have been shown to help shift the oftentimes poor trajectories associated with residence in high-poverty communities [98] . These relatively brief early intervention programs have been shown to alter educational, occupational, and criminal outcomes for vulnerable youth. As depicted in Fig. 2a to c, small changes to the trajectory of ADHD during the preschool years have the potential to yield very substantial benefits across the lifetime of a child. Figure 2a depicts the developmental course of ADHD, with decreasing prevalence and symptom severity associated with later phases in development. As shown in Fig. 2b and c, relatively modest changes in early childhood have the potential for substantial impact over the lifespan.
In summary, ADHD is a neurodevelopmental disorder, the symptoms of which often emerge during the preschool years. Substantial animal and human research has provided evidence that environmental stimulation and exercise can impact the developing brain. Early childhood is a critical period for brain development, and early intervention may be crucial for addressing an array of neurodevelopmental disorders, including ADHD. Intervention at an early age, by which ADHD can be detected, but prior to the emergence of many of the more chronic and impairing comorbidities and associated features that result in poor long-term outcome, may also be critical to altering the common course of lifelong impairment. Although correlational in nature, there is evidence to suggest that maturation of the brain and related improvements in neuropsychological functioning may translate into reduced ADHD symptom severity and impairment. Importantly, recent data from clinical trials demonstrate preliminary evidence that intervening early in ADHD can have persisting efficacy beyond the termination of active treatment. Longer term follow-up data from randomized controlled trials, in combination with neuroimaging preand post-treatment, will be a critical test of whether the interventions are in fact capable of altering the brain and truly shifting the course of the disorder.
